Intense droughts combined with increased temperatures are one of the major threats to forest persistence in the 21st century. Despite the direct impact of climate change on forest growth and shifts in species abundance, the effect of altered demography on changes in the composition of functional traits is not well known. We sought to (1) quantify the recent changes in functional composition of European forests; (2) identify the relative importance of climate change, mean climate and forest development for changes in functional composition; and (3) analyse the roles of tree mortality and growth underlying any functional changes in different forest types. We quantified changes in functional composition from the 1980s to the 2000s across Europe by two dimensions of functional trait variation: the first dimension was mainly related to changes in leaf mass per area and wood density (partially related to the trait differences between angiosperms and gymnosperms), and the second dimension was related to changes in maximum tree height. Our results indicate that climate change and mean climatic effects strongly interacted with forest development and it was not possible to completely disentangle their effects. Where recent climate change was not too extreme, the patterns of functional change generally followed the expected patterns under secondary succession (e.g. towards late-successional short-statured hardwoods in Mediterranean forests and taller gymnosperms in boreal forests) and latitudinal gradients (e.g. larger proportion of gymnosperm-like strategies at low water availability in forests formerly dominated by broad-leaved deciduous species). Recent climate change generally favoured the dominance of angiosperm-like related traits under increased temperature and intense droughts. Our results show functional composition changes over relatively short time scales in European forests. These changes are largely determined by tree mortality, which should be further investigated and modelled to adequately predict the impacts of climate change on forest function. Table 1 ). Importantly, covariation between traits implies that functional strategies can be described using a few axes 
| INTRODUCTION
Human-mediated modifications of natural ecosystems are leading to important diversity losses and changes in species forest composition (Cardinale et al., 2012; Chapin et al., 2000) , thus directly affecting the functions and services provided by forests (Gamfeldt et al., 2013; Van Der Plas et al., 2016) . During the last decades, changes in mean climate and alterations to climatic extremes have led to changes in tree demography (Allen, Breshears, & Mcdowell, 2015) , forest productivity (Ruiz-Benito et al., 2014b) and carbon cycle (Frank et al., 2015) . There is a long tradition of studies analysing how functional traits change along climatic gradients (D ıaz et al., 2016) . However, few studies have investigated how temporal changes in functional trait distributions are driven by changing climatic conditions and quantified potential changes in functional composition (see Dubuis et al., 2013; Mokany, Thomson, Lynch, Jordan, & Ferrier, 2015) .
The effect of climate on community dynamics (i.e. changes in the abundance and composition of species and functional groups) operates through the modification of population demographic rates (mainly mortality, growth and regeneration, Oliver & Larson, 1996; Pretzsch, 2009) . Ongoing climate change-particularly intense droughts and increased temperatures-has already translated into increased tree mortality , which may lead to latitudinal and altitudinal changes in forest species distribution (e.g. Benito-Garz on, Ruiz-Benito, Urli et al., 2014) . It has been hypothesized that abrupt vegetation shifts may occur as a consequence of drought-induced mortality: examples range from temperate evergreen forests (e.g. high vulnerability of Pinus sylvestris in South and Central Europe, Galiano, Mart ınez-Vilalta, & Lloret, 2010) to temperate broad-leaved forests (e.g. high vulnerability of Nothofagus dombeyi in SW Argentina, Suarez & Kitzberger, 2008) . However, changes in community composition due to increased stress will depend on the individual species' vulnerability to increased drought and interactions with stand development (Lloret, Escudero, Iriondo, Mart ınez-Vilalta, & Valladares, 2012; Reyer, Rammig, Brouwers, & Langerwisch, 2015) .
The effect of climate change on forest species composition and functioning might depend on the functional traits of the dominant species (e.g. Jucker et al., 2014; Ratcliffe et al., 2016; Ruiz-Benito et al., 2017) , legacy effects (e.g. past management, disturbance and previous extreme droughts; Bengtsson, Nilsson, Franc, & Menozzi, 2000; Anderegg et al., 2015; Clark et al., 2016; Perring et al., 2016) , and forest succession and development (e.g. Garc ıa-Vald es, Gotelli, Zavala, Purves, & Ara ujo, 2015 ; Ruiz-Benito, Lines, G omez-Aparicio, Zavala, & Coomes, 2013) . The use of functional traits is emerging as a promising approach to study the impacts of climate change on ecosystem functioning (Suding et al., 2008; Violle, Reich, Pacala, Enquist, & Kattge, 2014) , because alterations in the dominance of key functional traits can be directly linked to changes in ecosystem functioning (see Table 1 ). Importantly, covariation between traits implies that functional strategies can be described using a few axes of trait variation (Westoby, 1998; Westoby, Falster, Moles, Vesk, & Wright, 2002) . In general, angiosperm and gymnosperm species have contrasting functional traits that can be linked to their different lifehistory strategies and responses to environmental conditions (Brodribb, Pittermann, & Coomes, 2012; Carnicer, Barbeta, Sperlich, Coll, & Penuelas, 2013) . It has been suggested that gymnosperms have a greater ability to withstand abiotic stress (i.e. high persistence), while angiosperms have a greater competitive ability and tend to dominate in diverse forests (Carnicer et al., 2013; Coomes et al., 2005) .
Despite the current evidence from regional to global scales of increased tree mortality due to higher temperatures and intense droughts (Anderegg, Kane, & Anderegg, 2013) , little is known about the actual impact of climate change on changes in forest functional trait composition. Although differences in drought-induced mortality have been found for functional trait values of dominant species, differences in mortality are not so easily identifiable using taxonomic or functional groups (e.g. angiosperms vs. gymnosperms, Anderegg et al., 2016; Greenwood et al., 2017) .
Here, we quantified recent changes in forest functional composition by investigating changes in the dominance of five key functional traits using resurveyed data from c. 68,000 permanent forest plots including 143 species spanning Mediterranean to temperate and boreal climates. Our objectives were to (1) quantify the main recent temporal changes in functional composition of European forests; (2) identify the relative importance of climate change, mean climate and forest development; and (3) disentangle the roles of tree mortality and growth underlying any changes in different forest types. To our knowledge, these analyses for the first time link large-scale spatial RUIZ-BENITO ET AL. changes in forest functional composition with recent temporal changes in climate, revealing critical information for predicting future changes in species composition and forest ecosystem function.
| MATERIALS AND METHODS

| Inventory platform and study area
We compiled data from the National Forest Inventories (NFIs) of Finland, Germany, Spain, Sweden and Wallonia (Belgium) (see a detailed description in Appendix S1) covering the large latitudinal gradient of Europe (c. 5.000 km). For each tree, we compiled information on the species identity (see Table S1 ), d.b.h. and status (alive or dead). To select comparable data from the inventories, we only included resurveyed plots with a basal area equal or greater than 4 m 2 /ha and trees with a minimum d.b.h. of 10 cm in the consecutive surveys, and we only included plots where the time between surveys was equal to or larger than 5 years (mean = 11.32).
European forests cover a large latitudinal and climatic gradient extending from boreal to temperate and Mediterranean climates (Fig. S1 ). We classified each plot according to (i) the abundance of the species depending on leaf type and habit (i.e. broad-vs. needleleaved, deciduous vs. evergreen) and (ii) the Mediterranean character of the species (i.e. some species are restricted to Mediterranean climates, while others are distributed from boreal to temperate and sub-Mediterranean biomes, see Table 1 ). We used this classification because we expected angiosperm and gymnosperm forests-showing distinct patterns of leaf type: broad-leaved deciduous or needleleaved evergreen, respectively-to have different responses to drought and increased temperature Carnicer et al., 2013) , and the response to climate may be different in forests specifically adapted to limited water availability (e.g. Grossiord et al., 2014) . From the c. 68,000 permanent plots, we only considered forest types with more than 1,000 plots: broad-leaved deciduous (15,234 plots), needle-leaved evergreen (32,215 plots), needle-leaved evergreen Mediterranean (9,395 plots) and broad-leaved evergreen Mediterranean forests (5,550 plots, Fig. S1 ).
| Patterns of change in functional composition across European forests
Functional composition was calculated as the community-level weighted means (i.e. mean value of each trait in each plot weighted by the relative abundance of each species in basal area terms; Lavorel et al., 2008) . We compiled five traits which were available for c. 95% of the species (see Table S1 ): leaf mass per area (LMA, g/m 2 ), wood density (WD, g/cm 3 ), seed mass (SM, mg), water potential causing 50% loss of hydraulic conductivity (P50, MPa) and maximum tree height (MTH, m). Trait information was compiled via the TRY initiative (http://www.try-db.org; Kattge et al., 2011) and additional references (Table S1 ). We quantified changes in functional composition as the absolute annual change in each functional trait selected instead of a relative change, because it informs well about both the direction of the change and its magnitude (i.e. positive or negative, and the absolute value of the change, Fig. S1 and Fig. S2 ).
| Potential drivers of changes in forest functional composition
Each forest inventory plot was characterized by climate, stand development and demographic rate variables (see Fig. S3 ). Climate was defined by variables related to a selection of its components: (i)
T A B L E 1 Functional traits used in this study, including their units, interpretation for ecosystem functioning and hypotheses that may explain potential changes in forest composition. Also included whether the trait represents functional strategies that contrast between angiosperms (ANG) and gymnosperm (GYM, based on Fig. S1 ) 
| Statistical analysis
The importance of climate, stand development and demography on changes in functional composition was assessed using three steps.
Firstly, we evaluated the change in functional composition of European forests for each trait separately. As there were strong correlations in the absolute changes in different functional traits (Fig. S4) , we explored the relationship between the functional traits using a principal component analysis (R Core Team, 2015) . We selected the first two axes of the PCA as representative of the changes in functional composition, as between them they explained 70% of the variation in the functional changes (Fig. 1) . Secondly, we identified the climatic and forest developmental drivers of changes in functional composition using linear mixed-effects models. Thirdly, we quantified the effect of demographic rates on changes in functional composition using piecewise structural equation models, as these models allow accommodating complex, direct and indirect relationships between variables that go beyond the simple distinction between explanatory and response variables. The two latter analyses are explained in more detail in the following subsections and were repeated including only those plots with no record of recent management to check for deviations of the patterns observed from models parameterized using all plots (Appendix S3).
| Changes in functional composition as a function of climate and forest development
We modelled changes in functional composition (PC1 and PC2 axes) using linear mixed-effects models with a normal distribution of residuals. Due to the hierarchical nature of the sampling (where plots are aggregated in clusters for some countries; see Appendix S1 for more information), we included cluster identity nested in country as a ran- (Table 1) . These three-dimensional predicted changes were visualized using heat graphs, and the actual occurrence of the change in the NFI data for each forest type was indicated by black lines as a convex hull using aplpack library (Wolf & Bielefeld, 2014) . All linear mixed-effects models were fitted using lme4 library (Bates, Maechler, Bolker, & Walker, 2015) , and Akaike weights were calculated using MuMIn library (Barton, 2016) Fig. S6 for a detailed description of acylic graph network and allowed us to incorporate random structures (Shipley, 2009 Firstly, we performed a multilevel path analysis (see Appendix S2) for the entire dataset, including all forest types, which allowed us to detect general trends in the changes in functional composition related to demography, climate, stand structure and diversity. Pseudo-R 2 (proportion of variance explained in the model by both the fixed and random factors) was used to provide an estimation of variance explained (Nakagawa & Schielzeth, 2013) . The analysis was repeated on each forest type separately (i.e. one model per forest type) to identify any forest type-specific trends. All analyses were conducted in R using the piecewise SEM library (Lefcheck, 2015) in R 3.2.0. (R Core Team, 2015) .
3 | RESULTS
| Recent patterns of change in functional composition across European forests
We analysed absolute changes in each of the five functional traits. 20% of the variance) was highly and negatively correlated with changes in maximum tree height ( Fig. 1 and Fig. S4) . Therefore, the second axis of the PCA relates to the differential competitive ability of species and successional status (Table 1) . We selected the first and second axes of the PCA for our modelling approach as representative of the major changes in forest functional composition across Europe.
3.2 | The interactive effect of climate and forest development drives recent changes in forest functional composition
Our results indicate interactive effects of climate and forest development on changes in functional composition, particularly between climate and functional diversity (i.e. both for PC1 and PC2, Table 1 ).
The best models of changes in functional composition based on PC1
and PC2 included all predictor variables for each forest type (see Table 2 , model residuals in Fig. S6 and Fig. S7 and standardized parameter values in Table S2 ). In the best model predicting PC1, the inclusion of variables related to recent climate change was supported, but their importance was lower than for forest development (see drop in DAIC in Table 2 when temperature anomalies and intense droughts were removed from the model). In the best model predicting PC2, functional diversity and water availability were the most strongly supported variables (Table 2) . Fig. 3 , which reflects negative changes in PC1). PC2 was related to changes in maximum tree height (brown colour in Fig. 4 reflects a decrease in maximum tree height). The patterns of change predicted using PC1 and PC2 along climate and stand development gradients, based only on those plots with no record of recent management, were generally consistent with those observed for all plots (see Appendix S3).
In broad-leaved deciduous forests, greater shifts towards lower wood density and larger leaf mass per area (corresponding to red colours in Fig. 3a ) occurred where low water availability (more negative WAI values) coincided with medium-high tree density or mean d.b.h. (i.e. larger than 300 trees/ha and 200 mm, respectively), where low temperature anomalies coincided with low tree density (i.e. lower than 0.2°C and 500 trees/ha, respectively), and in plots with high functional diversity or under intense droughts (i.e. SPEI values < À2). At high water availability (WAI > 50%), the models predicted little change in the functional composition across the entire range of mean diameter and stand densities (Fig. 3a) . In needle-leaved evergreen forests, the greatest shifts towards greater wood density and lower leaf mass per area (corresponding to blue colours in In the case of Mediterranean forests, we found similar patterns for broad-and needle-leaved species. Changes towards a stronger dominance of individuals with greater wood density and lower leaf mass per area in Mediterranean forests (i.e. blue colours in Fig. 3b,d ) were observed at high water availability, high temperature anomalies and relatively mild droughts (specially WAI > 0%, TA > 0.5°C, and minimum SPEI > À1.5), with higher intensity when tree density and mean tree diameters are large. The only clear difference between the two forest types was the interaction between water availability and tree density: Mediterranean broad-leaved forests tended to change towards larger proportions of species dominated by lower wood density and greater leaf mass per area at low water availability irrespective of tree density, whereas this pattern was not clear in Mediterranean coniferous forests. The analysis performed on the change in the proportion of gymnosperms confirmed that most patterns in wood density and leaf mass per area strongly corresponded to changes between angiosperm-and gymnosperm-dominated stands, but some notable differences were found (see detailed results in Appendix S4). Particularly, shifts towards a functional group that is different to the dominant group were more apparent along climatic gradients in the taxonomic-based analysis, especially of increasing drought (see Fig. S4 .4 in Appendix S4).
PC2 was related to changes in maximum tree height (Fig. 1) . The strongest interactions between climate and stand development on changes in PC2 occurred in Mediterranean needle-leaved evergreen forests followed by broad-leaved deciduous forests (Fig. 4) . In
Mediterranean conifers, most of the changes were towards increases in maximum tree height (i.e. negative values of PC2), especially at high functional diversity and medium to high tree density and mean d.b.h., and under intense droughts (Fig. 4d) . The same patterns of change towards greater maximum tree height were observed in broad-leaved deciduous forests, except in areas with high water availability and temperature anomaly (Fig. 4c ).
| Mortality and growth effects on recent changes in functional composition
Overall, tree mortality had a larger effect on changes in functional composition than tree growth (i.e. PC1 and PC2, see standardized effect sizes in Fig. 5 ), although the ability of the underlying linear models to explain growth was greater than for mortality models (see R 2 for growth and mortality models = 0.58, 0.41, respectively; Fig. 5 ). The effect of mortality was particularly strong and positive on PC1, which reflected a general change towards strategies with lower leaf mass per area and higher wood density, seed mass and water potential loss, similar to the observed changes in the proportion of gymnosperms and plots with no evidence of recent management (see Appendix S3 and S4). For PC2, the mortality effect was negative and the magnitude was less strong, which reflected a weak T A B L E 2 Comparisons of alternate models based on Akaike information criterion (AIC) to test pair-wise interactions and main effects supported for the first and second axes (i.e. PC1 and PC2) of the principal component analysis of the absolute change in leaf mass per area, seed mass, wood density, maximum tree height and water potential causing 50% loss of hydraulic conductivity. Relative importance of variables was also tested using Akaike weights for PC1 and PC2 (w PC1 and w PC2 , respectively) 
. (d m ) and functional diversity (FD), and (a) all interactions tested, and (b) all interactions supported by the best model in (a).
The best fitting model (the full model in our case) is given a DAIC value of zero (bold). This model is compared with models in which the effect of the individual predictor variables (considering the main effects and/or the interactions) has been removed. Thus, the alternate models ignore the effects ("No") of (a) interactions and (b) main effects of the predictor variables and the interactions where the variable is involved. The AIC for the best models and the pseudo-R2 for the best models are also shown.
increase in maximum tree heights. Furthermore, we found that the sign of the relationship between mortality and growth on changes in functional composition was consistent for all the forest types studied (see sign of standardized parameters in Appendix S2). The strongest effect of mortality on PC1 and PC2 was found in Mediterranean conifers (see magnitude of standardized parameters in Appendix S2).
| DISCUSSION
Our results suggest that recent climate changes-that is both increased temperature and intense droughts-are critical drivers of recent changes in the functional composition of European forests.
Overall, the importance of the interaction between climate and forest development agrees with previous studies that identified similar strong interactions for tree growth (e.g. G omez-Aparicio, Garc ıa- Gracia, & Retana, 2012) . We found that the interactive nature of the drivers underlying changes in functional composition was due to differential tree demography (Clark, Bell, Kwit, & Zhu, 2014; Zhang et al., 2015) and that it appears to critically depend on tree mortality rates .
We were unable to distinguish whether the changes in functional composition observed are ultimately driven by anthropogenic and/or natural causes. In Europe, most forests have been managed and 12%
of the forests are planted (FAO, 2006a,b, McGrath et al., 2015) .
F I G U R E 3
Interactive effects of climatic and structural variables on the first axis of the PCA (PC1) in each forest type studied: (a) broadleaved deciduous, (b) broad-leaved evergreen, (c) needle-leaved evergreen and (d) needle-leaved evergreen Mediterranean forests. Blue colour represents positive values in the PC1 indicating changes towards lower LMA and higher WD, while red colour represents changes towards lower WD and higher LMA. The variables vary between the observed 99% percentiles in each forest type. Convex hull lines covering the presence of data points in each panel are represented using black lines, and density plots are shown in Fig. S8 . Climatic and structural variables include water availability (WAI, %), temperature anomaly (TA,°C), drought intensity (drought, more negative values of SPEI mean more intense droughts, adimensional), tree density (Density, no. of trees/ha), mean tree diameter (size, mm) and functional diversity (Diversity, adimensional)
Ultimately, forest management has largely determined both species selection and structural conditions. A clear example can be found in boreal forests, where Picea abies has been favoured in very fertile sites and Pinus sylvestris in relatively poor sites, and most monospecific forests are located on private lands (see e.g. FAO, 2006b , Rantala, 2011 . In European forests, certain species might be outside their climatic and structural optimum (e.g. forest planted beyond their natural distributions and/or densities, see e.g. Ruiz-Benito, G omezAparicio, & Zavala, 2012) . However, it is important to study forest dynamics across climatic gradients in Europe, regardless of their origin and management history, because it is likely that all will be impacted by climate change to some degree. Our focus at the continental scale allows us to detect large-scale changes that could be useful for national conservation and management plans.
Here, we summarized the changes in functional composition through the variation in two-dimensional axes of change related to (i) the functional strategies of the species, reflecting differences in a continuum of traits from high leaf mass per area and low wood density to low leaf mass per area and high wood density, and (ii) maximum tree height. Overall, the two axes of variation are in line with the leaf-height-seed scheme (Westoby, 1998) , which captures variation in functional traits while considering the importance of stem density for woody plants (Chave et al., 2009; Reich, 2014) .
These axes of variation reflect the two dominant strategies of gymnosperms and angiosperms (Stahl et al., 2014 ) and correspond to the major trends of variation found in plant forms worldwide (D ıaz et al., 2016) . The first axis (leaf mass-wood density) is a good predictor of resource use and responses to environmental conditions (Table 1) .
Although the change in functional composition using PC1 axis corresponds partially to a taxonomic change towards a greater proportion of gymnosperms (Appendix S4), our trait-based approach allowed us to further understand the conserved patterns given the substantial overlap of trait values across communities between and within functional groups. This is consistent with recent meta-analyses showing that trait-based approaches are able to better identify droughtinduced tree mortality patterns than taxonomic-based approaches F I G U R E 4 Interactive effects between climatic and structural variables on the second axis of the PCA (PC2) in each forest type studied: (a) broad-leaved deciduous, (b) broad-leaved evergreen, (c) needle-leaved evergreen and (d) needle-leaved evergreen Mediterranean forests. Green colour represents positive values in the PC2 indicating changes towards higher maximum tree heights, while brown colour represents the opposite. The variables vary between the observed 99% percentiles in each forest type. Convex hull lines covering the presence of data points in each panel are represented using black lines, and sand density plots are shown in Fig. S8 . Climatic and structural variables include water availability (WAI, %), temperature anomaly (TA,°C), drought intensity (drought, more negative values of SPEI mean more intense droughts, adimensional), tree density (Density, no. of trees/ha), mean tree diameter (size, mm) and functional diversity (Diversity, adimensional) (Anderegg et al., 2016; Greenwood et al., 2017) . The second axis (maximum tree height) is strongly related to the differential competitive ability of the species and, therefore, to the successional progress of each forest stand (Table 1) . Although changes in each functional trait can be highly informative, we selected the PCA axes for an overall understanding of community-level functional changes, which is needed to further manage ecosystems and understand potential effects of climate change (see e.g. De Bello et al., 2010) .
| Climate change impacts on recent changes in functional strategies across European forests
We observed that recent climate change, via increases in temperature and intense droughts, is leading to directional changes across European forests, but these changes are also dependent on forest development, and the corresponding changes in tree density, size and diversity. In relatively well-developed mature forests (i.e. tree densities and mean tree diameter larger than 500 trees/ha and 200 mm, respectively) with temperature anomalies higher than 0.2°C, we found a change towards a greater proportion of individuals with high wood densities and low leaf mass per area in broadleaved forests and Mediterranean conifers. Our observation that gymnosperms could be vulnerable to increases in temperature and water stress is consistent with recent studies that reported or predicted high mortality in conifers Mcdowell et al., 2016) , and studies suggesting that warming could be promoting climatic conditions more favourable for angiosperms (e.g. Henne et al., 2015; McIntyre et al., 2015) . Recent meta-analyses did not find clear differences between angiosperm and gymnosperm mortality responses to drought, despite clear trait-level differences in specific leaf area, wood density or hydraulic traits (Anderegg et al., 2016; Greenwood et al., 2017) . However, we can- Intense droughts led to changes towards functional trait values different from the dominant group in all forest types with mean tree diameter < 400 mm, and this was even more distinct when assessed as changes in the proportion of gymnosperms (Appendix S4).
F I G U R E 5
Piecewise structural equation models exploring the direct effects of mortality and growth on changes in functional composition (i.e. PC1 and PC2). Black boxes represent measured variables and grey rectangles categories. Lines indicate the supported causal relationships (i.e. p ≥ .05 of the estimated parameter in Appendix S2). The estimated coefficient for the effects of mortality and growth is provided next to the arrow, and the thickness of the significant paths has been scaled based on the magnitude of the standardized regression coefficient. The conditional R 2 of the models (i.e. based on the variance of both the fixed and random effects) is provided in the boxes of response variables Furthermore, this change was not observed in conifers of smallmedium diameter (i.e. mean d.b.h. < 400 mm) and at low diversity (Fig. 3) . The shift in the dominant functional strategy in broad-leaved evergreen forests under intense droughts at large diameters is in accordance with previous studies that suggest trade-offs between plant size and drought tolerance (i.e. Bennett, Mcdowell, Allen, & Anderson-Teixeira, 2015; Moles et al., 2009; Ryan, Phillips, & Bond, 2006) . This change towards traits linked to gymnosperm-like strategies could be due to the highest mortality or lowest growth of the most dominant functional strategy in relatively mature forests, because all species are likely to be stressed if the drought is very extreme and water availability is limiting (Choat et al., 2012) .
4.2 | Patterns of change in functional strategies and maximum tree height reflect expected patterns of change due to secondary succession and biogeography
The recent changes in functional composition linked to leaf mass per area and wood density, and corresponding functional strategies (i.e.
changes in PC1 and proportion of gymnosperms, respectively) across
Europe were strongly dependent on functional diversity. The influence of diversity was strong when compared to climatic variables, leading to clear patterns of change in all forest types (Fig. 3) . Areas of low tree diversity and monospecific forests might correspond with planted forests, which in many cases are planted outside their natural climatic range even when they are composed of native species (e.g. Ruiz-Benito et al., 2012) . At high diversity levels in Mediterranean forests, we found greater shifts towards a larger dominance of individuals with greater wood density, lower leaf mass per area and, overall, angiosperm-like strategies. In contrast, diverse temperate and boreal forests tended to change towards a larger dominance of greater leaf mass per area, lower wood density and gymnospermlike strategies. The trends predicted with increasing functional diversity are consistent with the expectations of the secondary successional trajectory expected in the different forest types or regions, which in Mediterranean forests generally leads to a greater dominance of late-successional hardwoods (Carnicer et al., 2014; Vayreda et al., 2016; Zavala & Zea, 2004) . In contrast, forests distributed in boreal European biomes are generally changing towards a greater dominance of late-successional conifers (e.g. Angelstam & Kuuluvainen, 2004; Ratcliffe et al., 2016) . The change towards a greater dominance of gymnosperms at high diversity could also be due to the relatively higher growth rates of co-existing conifers when compared to slow-growing angiosperms, despite their lower competitive ability (e.g. Coomes et al., 2005; Zavala, Espelta, & Retana, 2000) .
The observed shifts in functional strategies along the latitudinal gradient of Europe (i.e. delineated by water availability, Figs. S1 and S3) agree with the expected biogeographical patterns of each forest type. Changes towards the most dominant functional trait values in each forest type occur where water is not too limiting (Fig. 3) , which might imply that water availability is acting as a species filter at the continental scale (e.g. S ımov a et al., 2015). Firstly, in broad-leaved forests at low water availabilities, we found the greatest change towards a greater dominance of species with low wood density and high leaf mass per area, suggesting increased growth of fast-growing strategies (i.e. gymnosperm-like strategies) and higher mortality of slow-growing strategies (i.e. angiosperm-like strategies, Fig. 3a ,b and Appendix S4). At the rear edge of broad-leaved temperate forests (i.e. generally related to low water availability), an altered demography, with growth declines and mortality increases, could be driving the observed changes in functional strategies (Hampe & Petit, 2005; Jump, Hunt, & Peñuelas, 2006) . Secondly, in conifers, we found a larger transition towards angiosperm strategies at low water availability, which might be reflecting the expected altitudinal and latitudinal transition (Benito-Garz on et al., 2013). Thirdly, in
Mediterranean forests at high water availability, we found shifts in functional composition towards a greater proportion of angiosperms, which agrees with observed recruitment trends along the Iberian Peninsula and it follows the expected advance of secondary succession (Carnicer et al., 2014; Vayreda, Gracia, Martinez-Vilalta, & Retana, 2013; Vayreda et al., 2016) .
Many of the changes along climatic and forest development gradients were related to increases in maximum tree height (see green colours in Fig. 4 ). Functional diversity and water availability were the main drivers of the changes in maximum tree height, particularly in broad-leaved and Mediterranean coniferous forests. At high diversity, we found generally an increase in maximum tree height (see also Marks, Muller-Landau, & Tilman, 2016) , which might be reflecting the expected secondary succession trajectory. In wet sites (i.e.
water availability > 0), we found that Mediterranean conifer forests The transition between Mediterranean conifers and oaks is typical of the drier end of the water availability gradient, where a shifting mosaic between pines and oaks depends on management and landscape heterogeneity (Zavala & Zea, 2004; Zavala et al., 2000) , in agreement with the current and past co-dominance of these two groups in the Mediterranean from paleo-ecological data (Carrion, Andrade, Bennett, Navarro, & Munuera, 2001 ).
| The role of demography underlying changes in functional composition
Our results suggest a critical role of tree mortality when compared to tree growth for changes in the functional composition of European forests undergoing secondary succession, which agrees with previous studies conducted from tropical to temperate and boreal forests (Lasky, Uriarte, Boukili, & Chazdon, 2014; Van Mantgem & Stephenson, 2007; Zhang et al., 2015) . Due to limitations combining data from different inventories, we focused on adult trees with d.b.h. > 10 cm, but we acknowledge that tree regeneration plays a key role in long-term forest dynamics and it could be highly vulnerable to climate change effects (e.g. Zhu, Woodall, & Clark, 2012 at low water availability) may be leading to a greater dominance of gymnosperms at the rear edge of broad-leaved deciduous forests, as for example those forests dominated by Fagus sylvatica or Quercus robur (Peñuelas et al., 2013) . Finally, the change towards a larger proportion of angiosperms in Mediterranean forests with tree densities and mean diameter larger than 500 trees/ha and 200 mm, respectively, and not strongly limited by water availability, agrees with the greater role of mortality relative to growth in forests undergoing secondary succession and might be associated with recent changes in forest management across Europe. This change could be due to the fact that pioneer species (i.e. conifers generally characterized by low wood density and high leaf mass per area) tend to show the highest growth rates (Ratcliffe et al., 2016) but also the highest mortality rates (Benito-Garz on et al., 2013; Reich, 2014; Ruiz-Benito et al., 2013) , leading to changes towards a larger proportion of angiosperms, as expected in Mediterranean climates (Henne et al., 2015; Urbieta et al., 2008) .
| Changes in functional composition in European forests: implications under climate change
Overall, we found that changes in functional composition in European forests can be characterized along two axes of variation summarizing leaf-wood traits, on the one hand, and maximum height on the other. We found that most climatic and forest developmental conditions lead to functional changes in accordance with forest successional pathways. However, we found that recent climate change -that is increased temperature and intense droughts-might lead to different pathways of changes in functional strategies than those expected only from succession. We conclude that increased tree mortality is driving changes in functional strategies and maximum tree height, which is leading to quantifiable changes in the functional composition of European forests, despite our greater ability to explain growth than mortality (Fig. 5) . Our study suggests that climatic and forest developmental interactions are critical to adequately predict forest functional responses under climate change (Van Bodegom, Douma, & Verheijen, 2014) . Further studies are essential to better understand drivers of tree mortality and link changes in plant functional traits to ecosystem functioning (Funk et al., 2016; Reichstein, Bahn, Mahecha, Kattge, & Baldocchi, 2014) and drought effects to secondary succession and stand development (Clark et al., 2016) .
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